Background: Coronary heart disease (CHD) mortality rates have been decreasing in Turkey since the early 1990s. Our study aimed to determine how much of the CHD mortality decrease in Turkey between 1995 and 2008 could be attributed to temporal trends in major risk factors and how much to advances in medical and surgical treatments. Methods: The validated IMPACT CHD mortality model was used to combine and analyse data on uptake and effectiveness of CHD treatments and risk factor trends in Turkey in adults aged 35-84 years between 1995 and 2008. Data sources were identified, searched and appraised on population, mortality and major CHD risk factors for adults those aged 35-84 years. Official statistics, electronic databases, national registers, surveys and published trials were screened from 1995 onwards.
Background
Turkey has a relatively young population compared to many western societies. The total population was 75 million in 2008 and 30% were younger than 15 years of age [1] . However, population structure is changing rapidly and Turkey has almost completed its demographic transition [2] . The median age of the population thus increased from 22 years in 1990 to 27 years by 2008. The proportion of those over 65 years of age was approximately 4% in 1990 and reached to 7% in 2008 [2] . The ageing population and changes in lifestyle have contributed to increases in the burden of non-communicable diseases (NCDs) [3] .
Coronary heart disease (CHD) is the major cause of death and disability in Turkey. In the Turkish National Burden of Disease Study (2000) CHD and cerebrovascular diseases were estimated to account for 36% of all deaths [3] .
In most industrialized countries, CHD mortality rates have decreased considerably since the 1970s [4] . Decreases started some 10-15 years later in middle income countries [4] . Thus in a recent analysis of CHD mortality rates in Turkey, increasing trends were observed from 1988 (366 per 100000) to 1994 (411 per 100000) but then decreasing from 1995 to reach (348 per 100000 in 2008) [5] . However, the underlying factors associated with this significant decrease in CHD mortality have not been comprehensively evaluated.
Previous studies in some high income countries have shown that improvements in major cardiovascular risk factors, including total cholesterol, blood pressure levels and smoking, explain a greater proportion of the mortality decline than treatments, ranging from 44% in the USA to 72% in Finland [6] [7] [8] . This principally reflects improvements in smoking and modifiable dietary risk factors [6] [7] [8] . However few such studies have been performed in middle or low income countries.
The information on CHD prevalence, incidence and determinants of CHD in Turkey is rapidly improving. There are several ongoing studies from the Turkish Cardiology Association [9] , the Turkish Society of Hypertension and Renal Disease [10, 11] , the Turkish Endocrinology Association (TURDEP) [12, 13] and from the Universities [14] [15] [16] [17] . These together provide increasing good trend data on cardiovascular risk factors.
Thus, in Turkey, recent population studies document significant decreases in population blood pressure, cholesterol [18, 19] and smoking prevalence [20] . However, obesity and diabetes prevalence are now increasing steeply [13, 21, 22] as in most other developed and developing countries.
Approximately 25%-55% of the recent CHD mortality declines in developed countries have been attributed to the use of evidence-based medical and interventional therapies [7, 8, 23, 24] . These include aspirin, beta-blockers, ACE-inhibitors and angiotensin-receptor-blockers (ARBs), statins, fibrinolysis, percutaneous coronary intervention (PCI) and coronary artery bypass surgery (CABG) [7, 25] . In Turkey, treatment uptake in CHD patients has increased substantially since the 1990s [26, 27] .
Our objective was therefore to study recent trends in CHD deaths between 1995 and 2008, using a previously validated epidemiological model, to determine the contribution of prevention and treatment strategies.
Methods
We used an updated version of the IMPACT CHD mortality model that was originally developed in Scotland and then validated in many countries including England, New Zealand, United States, Canada, Europe and China [7, 24, [28] [29] [30] . Data on risk factor levels and current uptake levels of evidence based medical and surgical treatments were identified by extensive search of published and unpublished data and complemented with specifically designed surveys. All data sources were critically appraised by the research team and the results are presented in Additional file 1: Table S1 .
The IMPACT model was populated with data for men and women aged 35-84 (in 10 year age groups) for both 1995 and 2008. The main data items included data on: a) population sizes in each year, by age group and gender; b) Patient numbers in specific CHD groups (Myocardial Infarction, Congestive Heart Failure, Chronic Angina Pectoris, c) uptake levels of specific medical and surgical treatments, (Table 1) , and d) population trends in major cardiovascular risk factors (smoking, total cholesterol, systolic blood pressure, body mass index, diabetes, physical inactivity and fruit and vegetable consumption) ( Table 2 ). The number of CHD deaths attributable to each specific treatment and risk factor were calculated for 1995 and for 2008. The difference between the two values then represented the deaths prevented or postponed (DPP) attributed to the change in risk factors and treatment uptake levels in the population.
Information on population and demographic changes were obtained from the census (1995) and Address Based Population Registration System (2008) of the Turkish Statistical Institute [1] . Although the data collection method changed from 1995 to 2008, population projections based on the census are very close to the population of address based registration in 2008 [31] .
The numbers of CHD deaths were estimated using mortality statistics from the Turkish statistical institute Data on cause of death was collected only from urban settings which comprised approximately 50%-68% of the total population over the years 1988-2008 [1] . Therefore, the total number of deaths was estimated by inflating the urban deaths proportional to the rural population simply assuming that a similar mortality pattern existed in rural areas [3] . The total number of deaths was also inflated by 12% in men and 16% in women to account for underreporting of the deaths based on expert opinion [3] . The numbers of CHD deaths by age and sex groups for 1995 and 2008 were obtained from the Turkish Statistical Institute coded according to International Classification of Diseases, 8 th Revision (corresponds to ICD9 codes 410-414) based on final cause of death [1] . Coding inaccuracy is an important limitation of the mortality data in Turkey [32] . Ill defined codes and the "other heart diseases" codes accounted for approximately 30 to 40% of the total deaths during the study period [32] . Therefore, 50% of the "other heart disease" group were allocated to CHD deaths through the study period [3] . 
Population risk factor trend data
For the base year of 1995 were obtained from national representative surveys TEKHARF [9] , TURDEP [12] supplemented with regional studies [15, [33] [34] [35] . For the later years more national surveys became available [15] [16] [17] .
The main data sources for major risk factors are presented in Additional file 1: Table S2 .
The numbers of hospital admissions for CHD
Were estimated using the Ministry of Health (MoH) hospital admission data [36] and from two cohort studies [37, 38] . The number of patients undergoing Coronary Artery Bypass Grafting (CABG) and angioplasty were obtained from the MoH hospital admission data supplemented with information by experts from the Turkish Cardiology Association and Cardiovascular Surgery Association, emergency physicians and family physicians. In total 10 experts were initially contacted individually and sent a questionnaire asking their opinions on number of hospital admissions and treatment uptakes for CHD patient groups. Following this they were invited to participate a consensus meeting with other experts. Treatment uptake levels for initial CHD treatments in the hospital were obtained from the hospital survey designed by the research team in the Dokuz Eylul University Hospital and studies published on treatment uptake in the emergency department [39] . The prevalence of angina, post myocardial infarction patients and congestive heart failure in the community was estimated based on representative population surveys including the National Household Survey [3] and Health Surveys 2008 and 2010 [40, 41] .
Information on treatment uptake in the community was based on PREMISE [27] , EUROASPIRE III [26] and population based studies [14, 42, 43] .
The efficacy of specific therapeutic interventions
Was based on recent meta-analyses and randomised controlled trials (Additional file 1: Table S4 ). The potential effect of multiple treatments in an individual patient was quantified using the Mant and Hicks cumulative relative benefit approach [44] as detailed in Additional file 1.
Change in CHD Deaths between 1995 and 2008
The number of CHD deaths expected in 2008 assuming that mortality rates in 1995 persisted to 2008 was calculated by indirect age standardization. The CHD deaths actually observed in 2008 were then subtracted to quantify the decrease in CHD deaths between 1995 and 2008. These represent the number of deaths prevented or postponed (DPPs) between 1995 and 2008 which the model needs to explain.
The mortality changes attributed to risk factor trends
The DPPs from changes in risk factors were estimated using two approaches: The regression β coefficient approach was used to quantify the population mortality impact of change in those specific risk factors, measured as continuous variables, (systolic blood pressure, total cholesterol and BMI). The mortality reduction was then estimated as the product of the CHD deaths observed in 1995 (the baseline year), the subsequent reduction in that risk factor and the regression coefficient that quantified the change in CHD mortality expected per unit of absolute change in the risk factor. The sources of regression were presented in Additional file 1: Table S5 .
The second approach, population attributable risk fraction(PAR) was used for categorical variables-smoking, diabetes, physical inactivity and fruit and vegetable consumption using Levin's equation:
Details of the model methodology have been published previously [7, 33] and are illustrated in Additional file 1.
Estimating the contribution of medical and surgical treatments
The model included all medical and surgical treatments in 1995 (the base year) and 2008 (the final year). Treatment uptake data was limited for the year 1995 and thus much of the data included in the model for this year was estimated based on opinion of cardiology experts from Dokuz Eylul University (Additional file 1: Table S2 ).
The treatment arm of the model consisted of mutually exclusive CHD subgroups: patients hospitalized within the last year for an acute myocardial infarction (AMI), or for unstable angina pectoris or heart failure due to ischemic cardiomyopathy, community-dwelling patients who were post-AMI survivors, patients with chronic angina, patients receiving revascularisation CABG surgery or angioplasty, patients with heart failure in the community and, finally, hypertensive and hypercholesterolemia individuals eligible for primary prevention with lipid lowering therapy.
The mortality reduction for each treatment within each patient group was then calculated as the product of:
The number of patients in that group, their age-specific case fatality, the patient uptake (the proportion receiving that specific treatment) and treatment efficacy (the relative mortality reduction reported in published meta-analyses and trials) Additional file 1.
Case-fatality data were obtained from large, unselected, population-based patient cohorts [45, 46] . Survival benefit over a one-year time interval was used for all treatments [47] stratified by age and sex.
Treatment adherence and overlaps
Potential overlaps between different groups of patients were identified and appropriate adjustments were made. Patients group calculations and assumptions are detailed in Additional file 1.
Adherence or the proportion of treated patients actually taking therapeutically effective levels of medication, was assumed to be 100% in hospital patients, 70% in symptomatic community patients, and 50% in asymptomatic community patients based on the available literature [48] .
Sensitivity analyses
Because of the uncertainties surrounding many of the values, a multi-way sensitivity analysis was performed using the analysis of extremes method [49] . For each model parameter, a maximum and minimum feasible value was assigned using the 95% confidence intervals from the source documentation when this was available. We otherwise robustly defined these limits as 20% above and below the best estimate (for the number of patients, use of treatment, compliance and case fatality).
Validation: comparison of model estimates with observed mortality falls
The model estimates for the total number of deaths prevented or postponed by each treatment and each risk factor change were summed and compared with the observed changes in mortality for men and women in each age group. Any shortfall in the overall model estimate was then presumed to be attributable either to inaccuracies in our model estimates or to other, unmeasured risk factors [7, 24, 28] . The study protocol was approved by the Izmir Clinical Research Ethics Commitee (Decision no:09-9/15 Date:07.09.2009)
Results
Between 1995 and 2008, age-adjusted CHD mortality rates in Turkey fell 34% in men (from 455.9 to 365.7 per 100 000 aged 35-84 years) and 28% in women (from 378.6 to 324.5 among women aged 35-84 years). In 1995, there were 79,065 deaths among this age group due to CHD. In 2008, a total of 96,365 CHD deaths were recorded representing 35,720 fewer CHD deaths than expected if the baseline mortality rates in 1995 had persisted.
Overall, the Turkish IMPACT model was able to explain approximately 31,785 (89%) of the 35715 mortality decrease between 1995 and 2008. The remaining 11% was attributed to changes in other, unmeasured factors.
Medical and surgical treatments
Improvements in medical and surgical treatments between 1995 and 2008 prevented or postponed approximately 16,670 CHD deaths (minimum estimate 5355, maximum estimate 35360 Table 1, Figure 1 ) representing approximately 47% of the overall CHD mortality reduction.
The most substantial contributions came from the improved treatment of post AMI patients (approximately 4550 fewer deaths; 13% of total; minimum estimate 1455, maximum estimate 6509) Aspirin, Beta blockers, ACE inhibitors and Statins each provided similar benefits. Secondary prevention following revascularisation had a modest effect on CHD mortality reduction with a contribution of 5% (minimum 1.6% and maximum 11.6%).
The second largest contribution came from chronic angina treatments (a total reduction of approximately 3350 deaths, representing some 9% of total mortality reduction).
Heart failure treatments in the community and immediate treatments for AMI and unstable angina each explained approximately 6% of the mortality fall. Primary PTCA used in treatment for AMI was associated with a relatively modest reduction in mortality, saving approximately 590 lives and representing approximately 1.6% of the total.
Small mortality reductions were also explained by the treatments for hypertension (5%) and statins in primary prevention (4%) and heart failure treatments in the hospital (3%) ( Table 1) .
Major cardiovascular risk factors
Changes in major cardiovascular risk factors together explained approximately 15,110 CHD deaths prevented or postponed (minimum estimate 11595, maximum estimate 19335) ( Table 2) , representing approximately 42% of the CHD mortality fall between 1995 and 2008. The largest reduction in deaths was explained by substantial reductions in population blood pressure levels, from 127.2 mmHg in 1985 to 124.6 mmHg in 2008, a relative decrease of 2%. After accounting for the 3185 fewer deaths attributable to primary prevention with hypertension treatments, we estimated that approximately 10,365 CHD deaths were prevented or postponed due to reductions in mean blood pressure from life-style and dietary changes from 1995 to 2008, representing some 29% of the overall reduction in CHD mortality (Figure 1 , Table 2 ).
Reductions in smoking prevalence in men (−46%) and in women (−27%), also explained approximately 9725 fewer CHD deaths overall.
Population mean cholesterol did not change significantly in Turkey between 1995 and 2008, a 0.02% increase in the population mean cholesterol levels resulted in some 355 deaths. Statin treatments for primary prevention in people with high cholesterol prevented or postponed approximately 725 deaths.
The effects of a decrease in physical inactivity prevalence and increase in fruit and vegetable consumption prevented or postponed approximately 1920 and 2375 deaths representing some 5% and 7% of the total fall in deaths respectively (Table 2) .
However, there were adverse trends in diabetes prevalence and BMI levels between 1995 and 2008. Diabetes prevalence increased from 14.5 to 17.5% in men and 16.4% to 19.9% in women (20% and 17% relative increases) from 1995 to 2008, which resulted in approximately 1865 deaths in men and 3220 additional deaths in women representing some 14% of the total deaths. Increases in mean BMI (7.0% in men and 5.0% in women) generated approximately 3790 additional deaths, which effectively represents an additional 10% (minimum 6.0% and maximum 16.2%) to total CHD deaths ( Table 2) .
Sensitivity analysis and proportional contributions to the decrease in deaths
Sensitivity analyses suggested some uncertainty surrounding the risk factor best estimate contribution of 42%, with a range from 33% to 54% (Tables 1 and 2 ). There was a larger uncertainty in our estimates of the treatment contribution (best estimate 47% -minimum15%, maximum 99%). However, the proportional contributions of specific treatments and risk factor changes to the overall decrease of CHD mortality in Turkey between 1995 and 2008 remained relatively consistent, irrespective of whether best, minimum or maximum estimates were used (Tables 1  and 2 ).
Discussion
In Turkey, CHD mortality rates fell by 31% between 1995 and 2008 which is similar to the falls reported in affluent Western countries, including England and Wales [7] , Ireland [30] , Sweden [50] and Italy [51] , since the 1980s but occurring later in Turkey.
Approximately 47% of this mortality fall was attributable to the combined effects of modern cardiological treatments and almost 42% was attributable to reduction in major risk factors, particularly smoking and blood pressure. In the previous modelling studies more than half of the fall was explained by risk factor reductions in England and Wales [7] , Ireland [30] , in Sweden [50] , Italy [51] . Modern cardiological treatments together prevented or postponed approximately 16,700 deaths in 2008 in Turkey. Irrespective of whether best, minimum or maximum estimates were used, the most substantial contributions came from secondary prevention and angina treatments.
Revascularisation from CABG surgery and angioplasty together accounted for barely 4% of the total mortality fall, much as in the USA [24] and other countries [7] . This represents a quite small contribution, particularly when considering the large financial and political resources being consumed [52] .
Thrombolysis, likewise, only accounted for approximately one fifth of the deaths prevented in the initial treatments for acute myocardial infarction. Aspirin and cardiopulmonary resuscitation contributed far more, similar to other studies [7] .
Furthermore, treating angina patients with aspirin in the community prevented almost four times as many deaths as treating unstable angina patients in hospitals, mainly reflecting the far greater numbers of patients eligible for this treatment (Table 1) .
Treatment uptake levels were often poor, especially for beta blockers and ACE inhibitors for secondary prevention (Table 1 ). Earlier work in the UK suggested that if 80% of eligible patients had received appropriate therapy, approximately 30,000 additional deaths might have been prevented or postponed each year in the UK [53] . The same powerful principle would clearly apply in Turkey.
Reductions in the major risk factors between 1995 and 2008 accounted for approximately 15100 fewer deaths in Turkey in 2008. The biggest single contribution, 38%, reflected a 2.74 mmHg absolute decline in systolic blood pressure. The improvements in blood pressure are consistent with improvements in diet rather than treatment. Turkish diet is traditionally rich in fresh fruit and vegetables, legumes and unsaturated fat. Since the socioeconomic improvements in the 1990s, more people are now able to afford fresh fruit and vegetables rather than consuming preserved food that contain substantial salt. However, a recent national survey suggests that daily salt consumptions still very high, approximately 18 gr per day [54] . Traditionally, salt is widely used in pickles, olives, dairy products and bread which together constitute a major part of the Turkish diet. Future population based salt reduction strategies may achieve substantial further blood pressure reductions.
Almost 27% of the mortality fall came from a 41% relative reduction (from 26.5% to 16%) in male smoking. However, smoking prevalence did not change significantly in women. The National Tobacco Control Programme which began in 2008, may further accelerate this decreasing trend in Turkey [55] . The programme aims to increase awareness of the damaging health effects of smoking, together with the government anti-smoking measures including taxation, banning smoking in the public places, intensified anti-smoking campaigns, and the banning of advertising [55] .
The adverse trends in obesity and diabetes together contributed over 9000 additional deaths in 2008. This therefore cancelled out much of the benefits attained by the decreases in blood pressure and smoking prevalence during the same period. Obesity and diabetes trends are alarming both in men and women in Turkey [12, 13] with major concerns about future continuing deteriorations [56] . New diabetes and obesity control programs were prepared for the period of 2010-2014 [57, 58] but these will need to be implemented aggressively to have any benefit.
Population mean cholesterol did not change significantly in Turkey between 1995 and 2008. Stable trends or only small decreases in cholesterol levels were also observed in several other Eastern European countries including Tunisia and Iran [19] .
Modelling strengths and limitations
Models are potentially useful tools for policy development. They integrate and simultaneously consider huge amounts of data from many different sources. On the other hand, they are very dependent on the quality and extent of data available on CHD risk factor trends and treatment uptakes [59, 60] .
The data used in the Turkish IMPACT model was generally of good quality. Mortality data was obtained from the Statistical Institute of Turkey (TURKSTAT) which has a long experience of death registry since 1930 [1] . Although the cause of death statistics were based on only urban area and the rates were estimated assuming similar death patterns exist in rural population, our estimates for year 2000 were similar with National Burden of Disease Study. The declining CHD mortality trend starting from the mid 1990s is thought to be real since there were no operational changes in the death reporting system over that time period. Data quality indicators such as the proportion of ill defined codes (symptoms/ senility or other heart disease) have remained consistent, which also supports this finding. During the entire period (1995to 2008) the proportion of senility, symptoms and other heart disease codes were relatively stable in men and women (ranging from 43-53% and 52-63%, respectively) (Data are available upon request from the authors). The demographic information was obtained from the census data that covered whole country, the risk factor trends were obtained from national epidemiological studies. Treatment uptake data was obtained from multicentre national studies (EUROASPIRE III [26] , PREMISE [27] ) and from a hospital based surveys conducted in recent years [43, 61, 62] . Certain assumptions were therefore taken to fill in the gaps for missing information including specific patient groups' data. These assumptions are systematically detailed in the Additional file 1, and were supported by local expert opinions and literature from the region and included in the sensitivity analysis. In the Turkish IMPACT model, we assessed the potential maximum and minimum plausible effects of these factors using rigorous sensitivity analyses which systematically examined the influence of these uncertainties and the assumptions used in the studies [49] .
Our study has several potential limitations. The model included only those adults aged 35 to 84 years, because of very limited data in older age groups. The efficacy data were derived from clinical trials and may have overestimated effectiveness in usual clinical practice. We considered only deaths from CHD, and ignored "competing causes" such as cancer. However, the reductions in smoking would actually have decreased deaths from lung cancer and some other cancers [63] . Finally, the lag times were not explicitly considered in this model assuming that substantial mortality reduction occurs within 1 to 4 years of quitting smoking or reducing cholesterol [64] [65] [66] . This is the first comprehensive modelling study that examines the impact of changes in population risk factors and effective treatments on CHD mortality trends in Turkey. The Ministry of Health developed policy documents and action plans to tackle the growing NCD problem [55, 57, 58, 67] . The Ministry of Health also coordinated the development of national guidelines for CHD, hypertension and diabetes control. This model can be a useful tool to explore potential benefits of implementing certain strategies to prevent the future CHD.
Conclusions
Coronary heart disease mortality in Turkey fell by more than 30 percent between 1995 and 2008. Approximately half of this decline was explained by treatments. However, although changes in major risk factors, mainly smoking and blood pressure potentially explained over half of the decline, much of these benefits were then negated by worrying increases in obesity and diabetes. Our findings thus emphasize the value of primary prevention strategies targeting the whole population including healthy diet and tobacco control, plus evidence-based medical treatments for our patients in Turkey.
